a2 United States Patent

Buesing et al.

US009741944B2

US 9,741,944 B2
Aug. 22, 2017

(10) Patent No.:
(45) Date of Patent:

(54) MATERIALS FOR ORGANIC
ELECTROLUMINESCENT DEVICES

(71) Applicant: Merck Patent GmbH, Darmstadt (DE)

(72) Inventors: Arne Buesing, Frankfurt am Main
(DE); Holger Heil, Frankfurt am Main
(DE); Teresa Mujica-Fernaud,
Darmstadt (DE); Irina Martynova,
Griesheim (DE)

(73) Assignee: Merck Patent GmbH, Darmstadt (DE)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

(21)  Appl. No.: 15/193,732

(22) Filed: Jun. 27, 2016

(65) Prior Publication Data
US 2017/0012221 Al Jan. 12, 2017

Related U.S. Application Data

(63) Continuation of application No. 13/575,697, filed as
application No. PCT/EP2010/007955 on Dec. 28,
2010, now Pat. No. 9,409,883.

(30) Foreign Application Priority Data
Jan. 29,2010  (DE) .o 10 2010 006 121
(51) Int.CL
HOIL 51/54 (2006.01)
CO9K 11/06 (2006.01)
HOIL 51/00 (2006.01)
CO7F 1/02 (2006.01)
CO7F 5/06 (2006.01)
COo7D 401710 (2006.01)
Co7D 401/14 (2006.01)
CO07D 413/10 (2006.01)
CO7D 417/10 (2006.01)
CO7F 5/02 (2006.01)
CO7F 7/18 (2006.01)
HOIL 51/50 (2006.01)
(52) US.CL
CPC ....... HOIL 51/0077 (2013.01); CO7D 401/10

(2013.01); CO7D 401/14 (2013.01); CO7D
413/10 (2013.01); CO7D 417/10 (2013.01);
CO7F 1/02 (2013.01); CO7F 5/025 (2013.01);
CO7F 5/069 (2013.01); CO7F 7/1804
(2013.01); HOIL 51/0081 (2013.01); HOIL
51/5056 (2013.01Y; HOIL 51/5072 (2013.01);
HOIL 51/5092 (2013.01); HOIL 51/5096
(2013.01)

(58) Field of Classification Search

CPC .. CO7D 401/10; CO7D 401/14; CO7D 413/10;
CO07D 417/10; CO7F 1/00; CO7F 1/005;
CO7F 1/02; CO7F 3/00; CO7F 3/003;
CO7F 5/00; CO7F 5/003; CO7F 5/06;
CO7F 5/069; CO9K 11/06; C09K 2211/00;
CO09K 2211/1018; CO9K 2211/1025;
CO9K 2211/1029; HO1L 51/0032; HO1L
51/005; HO1L 51/0071; HO1L 51/0072;
HO1L 51/0079; HO1L 51/0081; HO1L
51/009; HO1L 51/50; HO1L 51/5012;
HOIL 51/5016; HO1L 51/5048; HO1L
51/5052; HO1L 51/5072; HO1L 51/5076;
HO1L 51/5088; HO1L 51/5096
USPC ... 428/690, 691, 917, 411.4, 336; 427/58,
427/66; 313/500-512; 257/40, 88-104,
257/E51.001-E51.052;
252/301.16-301.35; 546/173, 14, 13, 7,
546/153, 179; 544/216, 333, 294

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,539,507 A
5,151,629 A

9/1985 VanSlyke et al.
9/1992 VanSlyke

FOREIGN PATENT DOCUMENTS

CN 101165137 A 4/2008
CN 101168661 A 4/2008
EP 0825803 A2 2/1998
Jp 2003077671 A 3/2003
WO WO-03/060953 A2 7/2003

OTHER PUBLICATIONS

Cui et al. J. Org. Chem. 2006, 71, 6485-6496. Year of publication:
2006.*

International Search Report of corresponding PCT application PCT/
EP2010/007955 mailed Aug. 4, 2011.

Cui et al,, J. Org. Chem., vol. 71, pp. 6485-6496 (2006).

English language machine translation of JP 2003/077671 A, 2003,
English language translation of CN 101168661 A, 2008.

* cited by examiner
Primary Examiner — Andrew K Bohaty

(57) ABSTRACT

The present invention relates to coordination compounds
which are used in an electron-transport layer in electronic
devices, to ligands, and to the use thereof for the preparation
of metal complexes, to a layer, and to an electronic device
which comprise the compounds according to the invention,
and to a process for the preparation of the compounds
according to the invention.
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MATERIALS FOR ORGANIC
ELECTROLUMINESCENT DEVICES

RELATED APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 13/575,697, filed Jul. 27, 2012,
which is a national stage application (under 35 U.S.C. §371)
of PCT/EP2010/007955, filed Dec. 28, 2010, which claims
benefit of German Patent Application No. 10 2010 006
121.2, filed Jan. 25, 2010.

The present invention relates to coordination compounds
of the general formulae (1) to (21), in particular as materials
in the electron-transport layer in electronic devices, to
ligands of the general formula (1'), to a process for the
preparation thereof, and to the use thereof for the preparation
of a metal complex, to a layer, and to an electronic device
which comprise the compounds according to the invention.

Chelate complexes and organometallic compounds are
used as functional materials in a number of different appli-
cations which can be ascribed to the electronics industry in
the broadest sense. In spite of the successes that have already
been achieved, further improvements are still desirable in
the case of the organic electroluminescent devices based on
organic components (general description of the structure cf.
U.S. Pat. No. 4,539,507 and U S. Pat. No. 5,151,629) and the
individual components thereof, the organic light-emitting
diodes (OLEDs).

There is also a need for improvement in the case of, in
particular, the electron-transport materials used hitherto with
respect to their lifetime and efliciency. A further requirement
of materials used in OLEDs is that they have a high degree
of purity. A high glass transition temperature of these
compounds and a low tendency towards crystallisation are
highly desired. Furthermore, there is a need for improve-
ment in the case of materials which are processed from
solution.

At present, a large number of electron-transport materials
is available. Thus, for example, WO 2003/060956 describes
9,10-diarylanthracene derivatives which carry a benzimida-
zole group in the structure as electron-transport materials. In
addition, 8-hydroxyquinoline-metal complexes, whose
influence on emission spectra has been studied by changing
the substitution pattern, are known, for example, from
Chem. Eur. J. 2006, 12, 4523.

Frequently, either an electron-transport layer and an adja-
cent electron-injection layer are used on the cathode side of
an OLED, or a mixture of an electron-transport material and
an electron-injection material is used in a layer. The elec-
tron-injection materials used here include, inter alia, metal
complexes, such as, for example, Liq (lithium quinolinate).
It would be desirable if it were possible to use only one layer
consisting of one material here instead of using two mate-
rials in a mixture or in successive layers. This would
simplify production and enable better process control since
vapour deposition does not have to be carried out from two
sources.

There is therefore a need for novel compounds which
have improved properties, in particular with respect to the
above-mentioned problems. The object of the invention thus
consisted in the provision of such compounds.

Surprisingly, it has been found that complexes containing
hydroxyquinoline derivatives as ligands which contain an
electron-deficient heteroaryl group covalently bonded via an
aromatic system achieve a long operating lifetime and/or
high stability to temperature stresses compared with the
compounds already presented in the prior art. The said
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compounds can furthermore be processed well from solution
and can be employed in an OLED without the use of a
separate electron-injection layer.

In order to achieve the said object, the present invention
provides a compound of the general formula (1) or (2):

formula (1)

R! R!

RY R!
N X
[G—Y'H—Ar——Y?2 '

——
Rl)\y%N/ R
/

W. '
T—M—tL'],

-

formula (2)
_ Q! ol -

R! R!

i XN
[6—Y' A=Y ——

P =

R! N R!

W\é\
—~=M—fL],

— —r

The symbols and indices used in formula (1) or (2) have
the following meanings:
G is, identically or differently on each occurrence, a group
of the following formula (a), (b) or (¢):

formula (a)
R2
2
K v,
—R!
2 N
K \
R? R
formula (b)
v,
—Yy
|
\N’
\
R3
formula (c)
S
Q Q\Q
P
&
\N/

Q is selected, identically or differently on each occurrence,
from the group consisting of N and CR?;

V is selected from the group consisting of O, S, N, CR* and
NR*, with the proviso that, if V is equal to O, S or NR*,
R? represents a non-bonding electron pair;

the two dashed bonds in formula (a) and (b) mean that one

of the bonds is a single covalent bond and the other is a

double covalent bond;

R! is selected, identically or differently on each occurrence,
from the group defined for R R* or R*; where one R* is
not present, and the quinoline unit is bonded to Y* at this
position;

R?, R? R* are selected, identically or differently on each
occurrence, from the group consisting of H, D, F, Cl, Br,
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I, CHO, N(Ar'),, C(=0)Ar', P(=0)(Ar"),, S(=0)Ar',
S(=0),Ar!, CR’=CR’Ar!, CN, NO,, Si([R%);,

B(OAr"),, B(OR?),, OSO,R®, OH, a saturated or unsatu-
rated, straight-chain, branched or cyclic C, ,,-alkyl
group, C,_,,-alkoxy group or C,_,,-thioalkyl group, each
of which may be substituted by one or more radicals R,
where one or more non-adjacent CH, groups may be
replaced by R*C—=CR?, C=C, Si(R?),, Ge(R?),, Sn(R?),,
C=0, C=S, C=S8e, C=NR’, P(=0)(R®), SO, SO,,
NR®, O, S or CONR’, and where one or more H atoms
may be replaced by D, E Cl, Br, I, CN or NO,, an
aromatic or heteroaromatic ring system having 5 to 60
aromatic ring atoms, which may be substituted by one or
more radicals RS, an aryloxy or heteroaryloxy group
having 5 to 60 aromatic ring atoms, which may be
substituted by one or more radicals R%, and a combination
of these systems; where one of the substituents R?, R? or
R* is not present on the group G, and the group G is
bonded to Y* at this position;

W is selected, identically or differently on each occurrence,
from O, S and NR®, where R® is selected from the group
defined for R?, R® or R*;

Y', Y? are each, independently of one another, either not
present, so that the groups bonded thereto are linked
directly to one another by a single covalent bond, or are
selected from the group consisting of a saturated or
unsaturated, linear, branched or cyclic C,_4,-alkyl group
and an aromatic or heteroaromatic ring system having 5 to
60 ring atoms, which may be substituted by one or more
radicals RS,

Ar is an aromatic or heteroaromatic ring system having 5 to
60 aromatic ring atoms, which may be substituted by one
or more radicals R®, where R® is selected from the group
defined for R?, R® or R*:

Ar' is, identically or differently on each occurrence, an
aromatic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, which may be substituted by one or
more radicals R’, where, in addition, two radicals Ar'
which are bonded to the same nitrogen or phosphorus
atom may be linked to one another by a single bond or a
bridge selected from B(R”), C(R"),, Si(R"),, C=O0,
C=NR’, C=C(R"),, O, §, S=0, SO,, N(R”), P(R”) and
P(=0)R";

R’ is selected, identically or differently on each occurrence,
from the group consisting of H, D, a saturated or unsatu-
rated, linear, branched or cyclic C,_,,-alkyl group, in
which one or more H atoms may be replaced by D or F,
and an aromatic or heteroaromatic ring system having 5 to
20 ring atoms, in which one or more H atoms may be
replaced by F, and which may be substituted by one or
more radicals RS;

RS is selected, identically or differently on each occurrence,
from the group consisting of H, D, F, Cl, Br, I, CHO,
N@Ar), C(—OJAr, P(O)Ar), S(—O)Ar,
S(=0),Ar', CR'=CR’Ar', CN, NO,, SiR"),,
B(OAr'),, B(OR"),, OSO,R”, OH, and a saturated or
unsaturated, straight-chain, branched or cyclic C,_,-alkyl
group, C,_,,-alkoxy group or C,_,,-thioalkyl group, each
of which may be substituted by one or more radicals R,
where one or more non-adjacent CH, groups may be
replaced by R’C=CR’, C=C, Si(R"),, Ge(R”),, Sn(R"),,
C=0, C=S8, C=Se, C=NR’, P=0)(R"), SO, SO,,
NR7, O, S or CONR’, and where one or more H atoms
may be replaced by D, F, Cl, B, I, CN or NO,;

R” is selected, identically or differently on each occurrence,
from the group consisting of H, D, a saturated or unsatu-
rated, linear, branched or cyclic C, 5-alkyl group, in
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which one or more H atoms may be replaced by F or D,
and an aromatic or heteroaromatic ring system having 5 to
20 ring atoms, in which one or more H atoms may be
replaced by F or D;

M s, identically or differently on each occurrence, a mono-,

di-, tri- or tetravalent metal;

L' is, identically or differently on each occurrence, a mono-
dentate or bidentate ligand:

m is, identically or differently on each occurrence, 0, 1, 2, 3
or 4, with the proviso that at least one index m is >0;

nis 1,2, 3or4;

ris 1,2, 3 or 4;

k is, identically or differently on each occurrence, 0, 1, 2, 3,

4, 5 or 6; and
1is0,1,2,3,4, 50r6.

The following general definitions are used within this
invention:

For the purposes of the present invention, a saturated or
unsaturated, straight-chain, branched or cyclic C, ,,-alkyl
group or C,_,,-alkyl group is taken to mean an alkyl, alkenyl
and alkynyl groups having 1 to 20 or 1 to 40 C atoms
respectively. Individual —CH— or—CH,— groups may be
substituted by N, NH, O or S. Preference is given to the
radicals methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl,
s-butyl, t-butyl, 2-methylbutyl, n-pentyl, s-pentyl, neopen-
tyl, cyclopentyl, n-hexyl, cyclohexyl, neohexyl, n-heptyl,
cycloheptyl, n-octyl, cyclooctyl, 2-ethylhexyl, trifluorom-
ethyl, pentafluoroethyl, 2,2,2-trifluoroethyl, ethenyl, prope-
nyl, butenyl, pentenyl, cyclopentenyl, hexenyl, cyclohex-
enyl, heptenyl, cycloheptenyl, octenyl, cyclooctenyl,
ethynyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl or
octynyl. Particular preference is given to alkyl groups hav-
ing 1 to 6 carbon atoms, even more preferably having 1 to
4 carbon atoms, in particular methyl and tert-butyl.

Aliphatic hydrocarbons having 1 to 20 carbon atoms are
linear, branched or cyclic alkyl groups, alkenyl groups,
alkynyl groups, in which one or more carbon atoms may be
replaced by O, N or S. In addition, one or more hydrogen
atoms may be replaced by fluorine. Examples of aliphatic
hydrocarbons having 1 to 20 carbon atoms include the same
ones as defined above for the alkyl, alkenyl and alkynyl
groups.

A C, _4qalkoxy group or C,_,,-thicalkyl group is taken to
mean a C,_,,-alkyl group as defined above which is bonded
via an O or S atom. Preference is given to alkoxy groups
having 1 to 20 carbon atoms, particularly preferably 1 to 6
carbon atoms, extraordinarily preferably 1 to 4 carbon
atoms.

The alkyl groups, alkoxy groups and thioalkyl groups
may, in addition, be substituted by one or more radicals R®
as defined above.

An aromatic or heteroaromatic ring system having 5 to 60,
or 5 to 30 ring atoms, or 5 to 20 ring atoms in the sense of
this invention is taken to mean an aromatic ring system
having 6 to 60, or 6 to 30, or 6 to 20 carbon atoms
respectively, or a heteroaromatic ring system having 5 to 60,
or 5 to 30, or 5 to 20 carbon atoms respectively, one or more
carbon atoms of which may be substituted by a heteroatom.
Preferred heteroatoms are N, O and S. These aromatic ring
systems may be monocyclic or polycyclic, i.e. they may
have one ring (for example phenyl) or two or more rings (for
example biphenyl, fluorenyl), which may also be in con-
densed form (for example naphthyl).

Preference is given to aromatic or heteroaromatic ring
systems having 5 to 30 aromatic ring atoms, particularly
preferably 5 to 24 aromatic ring atoms, more preferably 5 to
14 aromatic ring atoms. Preferred aromatic ring systems
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having 6 to 60, or 6 to 30, or 6 to 24 carbon atoms
respectively are, for example, phenyl, naphthalene, anthra-
cene, benzanthracene, phenanthrene, benzophenanthrene,
pyrene, benzopyrene, chrysene, perylene, biphenyl, terphe-
nyl, fluorene, spirobifluorene, indene, indenofluorene, ben-
zindenofluorene, dibenzindenoftuorene or fluoranthene.

Preferred heteroaromatic ring systems having 5 to 60, or
510 30, or 5 to 24 ring atoms respectively are, for example,
S-membered rings, such as pyrrole, pyrazole, imidazole,
1,2,3-triazole, 1,2,4-triazole, tetrazole, furan, thiophene,
selenophene, oxazole, isoxazole, 1,2-thiazole, 1,3-thiazole,
1,2,3-oxadiazole, 1,2,4-oxadiazole, 1,2,5-oxadiazole, 1,3,4-
oxadiazole, 1,2,3-thiadiazole, 1,2,4-thiadiazole, 1,2,5-thia-
diazole, 1,3,4-thiadiazole, 6-membered rings, such as pyri-
dine, pyridazine, pyrimidine, pyrazine, 1,3,5-triazine, 1,2,4-
triazine, 1,2,3-triazine, 1,2,4,5-tetrazine, 1,2,3,4-tetrazine,
1,2,3,5-tetrazine, or condensed groups, such as indole, isoin-
dole, indolizine, indazole, benzimidazole, benzotriazole,
purine, naphthimidazole, phenanthrimidazole, pyridimida-
zole, pyrazinimidazole, quinoxalinimidazole, benzoxazole,
naphthoxazole, anthroxazole, phenanthroxazole, isoxazole,
benzothiazole, benzofuran, isobenzofuran, dibenzofuran,
quinoline, isoquinoline, pteridine, benzo-5,6-quinoline,
benzo-6.7-quinoline, benzo-7,8-quinoline, benzoisoquino-
line, acridine, phenothiazine, phenoxazine, benzo-
pyridazine, benzopyrimidine, quinoxaline, phenazine, naph-
thyridine, azacarbazole, benzocarboline, phenanthridine,
phenanthroline, thieno[2,3b]thiophene, thieno[3,2b]thio-
phene, dithienothiophene, isobenzothiophene, dibenzothio-
phene, benzothiadiazothiophene, or combinations of these
groups. Particular preference is given to imidazole, benz-
imidazole, pyridine, pyrimidine and triazine

The mono- or polycyclic aromatic or heteroaromatic ring
systems having 5 to 60 ring atoms may carry one or more
substituents which are defined above under R°.

An aryloxy or heteroaryloxy group having 5 to 60 aro-
matic ring atoms is taken to mean a group which carries a
mono- or polycyclic aromatic or heteroaromatic ring system
having 5 to 60 ring atoms as defined above via an O atom.
Preference is given to aryloxy or heteroaryloxy groups
having 5 to 30 aromatic ring atoms, particularly preferably
5 to 20 ring atoms, more preferably 5 to 10 ring atoms. The
aryloxy or heteroaryloxy group may likewise carry one or
more substituents which are defined above under R°.

M is preferably an element, a metal or a metal ion selected
from the group consisting of alkali metal, alkaline-earth
metal, boron group and sub-group elements. M is particu-
larly preferably a metal or a metal ion of an element selected
from the group consisting of Li, Be, Ca, Mg, Ba, Zn, B, Al,
Zr, Cu, Sc and Y, extraordinarily preferably Li, Ca, Mg, Zn,
Al and Zr.

The following applies to compounds of the formula (1)
which are preferred in accordance with the invention:

If M is a metal having two coordination sites, then k is equal
to 0;

if M is a metal having three coordination sites and L' is a
monodentate ligand, then k is equal to 1;

if M is a metal having four coordination sites and L' is a
monodentate ligand, then k is equal to 2;

if M is a metal having five coordination sites and L' is a
monodentate ligand, then k is equal to 3;

if M is a metal having six coordination sites and L' is a
monodentate ligand, then k is equal to 4;

if M is a metal having seven coordination sites and L' is a
monodentate ligand, then k is equal to 5;

if M is a metal having eight coordination sites and L' is a
monodentate ligand, then k is equal to 6;
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if M is a metal having four coordination sites and L' is a
bidentate ligand, then k is equal to 1;
if M is a metal having six coordination sites and L' is a
bidentate ligand, then k is equal to 2;
if M is a metal having eight coordination sites and L' is a
bidentate ligand, then k is equal to 3.

The following applies to compounds of the formula 11
which are preferred in accordance with the invention:
if M is a metal having two coordination sites and r is equal
to 1, then 1 is equal to 0;
if M is a metal having three coordination sites, ' is a
monodentate ligand and r is equal to 1, then 1 is equal to 1:
if M is a metal having four coordination sites, L' is a
monodentate ligand and r is equal to 1, then 1 is equal to 2;
if M is a metal having five coordination sites, [' is a
monodentate ligand and r is equal to 1, then 1 is equal to 3;
if M is a metal having six coordination sites, L' is a
monodentate ligand and r is equal to 1, then 1 is equal to 4,
if M is a metal having seven coordination sites, L' is a
monodentate ligand and r is equal to 1, then 1 is equal to 5;
if M is a metal having eight coordination sites, ' is a
monodentate ligand and r is equal to 1, then 1 is equal to 6;
if M is a metal having four coordination sites and r is equal
to 2, then 1 is equal to 0;
if M is a metal having five coordination sites, [' is a
monodentate ligand and r is equal to 2, then 1is equal to 1,
if M is a metal having six coordination sites, L' is a
monodentate ligand and r is equal to 2, then 1 is equal to 2;
if M is a metal having seven coordination sites, [' is a
monodentate ligand and r is equal to 2, then 1 is equal to 3;
if M is a metal having eight coordination sites, [' is a
monodentate ligand and r is equal to 2, then 1 is equal to 4,
if M is a metal having six coordination sites and r is equal
to 3, then 1 is equal to 0;
if M is a metal having seven coordination sites, [' is a
monodentate ligand and r is equal to 3, then 1 is equal to 1;
if M is a metal having eight coordination sites, [' is a
monodentate ligand and r is equal to 3, then 1 is equal to 2;
if M is a metal having eight coordination sites and r is equal
to 4, then 1 is equal to 0;
if M is a metal having four coordination sites, L' is a
bidentate ligand and r is equal to 1, then 1 is equal to 1;
if M is a metal having six coordination sites, L' is a bidentate
ligand and r is equal to 1, then 1 is equal to 2;
if M is a metal having eight coordination sites, L' is a
bidentate ligand and r is equal to 1, then 1 is equal to 3;
if M is a metal having six coordination sites, L' is a bidentate
ligand and r is equal to 2, then 1 is equal to 1;
if M is a metal having eight coordination sites, L' is a
bidentate ligand and r is equal to 2, then 1 is equal to 2;
if M a metal having eight coordination sites, L' a bidentate
ligand and r equal to 3, then 1 is equal to 1;
if M a metal having eight coordination sites, L'a bidentate
ligand and r equal to 4, then 1 is equal to 0.

It is particularly preferred in accordance with the inven-
tion for M to be a metal having two, four or six coordination
sites. In an extraordinarily preferred embodiment, M is equal
to Li*, A** or Zr**, in particular [i* or A**.

In a further embodiment of the present invention, it is
preferred for the group Ar to be selected from the following
formulae:
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-continued

These groups may each also be substituted by one or more
radicals R®.

In a further embodiment of the present invention, it is
preferred for the group G to be selected from the following
formulae:
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-continued

N S _N
(N> \EN/> \\:EN/> i\N/>7.

These structures may also be substituted by one or more
substituents R?, R> or R*.

In a further embodiment of the present invention, it is
preferred for the groups Y* and Y2, identically or differently
on each occurrence, not to be present or to be selected from
the following groups:

These structures may also be substituted by one or more
substituents R®.

/

\

In a further embodiment of the present invention, it is
preferred for the compound of the formula (1) or (2)
according to the invention to be a compound of the follow-
ing formulae (3) to (12):

formula (3)
RIO

formula (4)
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formula (5)
R!!
y1©
Y2 /~/
R1O <
formula (6)
RIO
YZ
Rl 1
v~
1
R ” v
RIO
H
formula (7)
RIO
[ O
n
Yl
Rl 1
YZ
RIO
formula (8)
R
Ly ] O
v2
R!
formula (9)
U]
R\Y2 O
Yl
formula (10)
. y2_plo

formula (11)
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-continued

formula (12)

where the symbols used have the following meanings:

Y! and Y2 have the same meaning as in the above embodi-
ments;

R'? s, identically or differently on each occurrence, either H
or a radical of the following formula (d):

formula (d)

R! R!

where [, k and R' have the same meanings as in the
above embodiments, with the proviso that one R' is not
present, and the compound of the formula (d) is bonded
to the compound of the formula (3) to (12) at this position;

R* is, identically or differently on each occurrence, either H
or a radical of the following formula (e) or (f):

formula (e)
I ]/V
!
formula (f)
A ZQ
\Q/

where V is selected from the group consisting of O, S and
NR* and Q is selected from the group consisting of N and
CR?, where at least one Q, preferably at least two Q, stand
for N and where R has the same meaning as in the above
embodiments;
with the proviso that both at least one R in each formula
and also at least one R'! in each formula is other than H.
In still a further embodiment of the present invention, the
compound of the above-mentioned formulae is a compound
in which Y' and Y is each not present or is a p-phenylene
unit, V is an —N-Ph radical and R" is equal to H or D, with
the proviso that either the R' which s in the ortho position
to the metal-coordinated oxygen atom in the compound of
the formula (d) or the R which is in the para position to the
metal-coordinated oxygen atom in the compound of the
formula (d) is not present, and the compound of the formula
(d) 1s bonded via this position.
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Tt is furthermore preferred for two or three symbols Q in
the group of the formula (f) to stand for N. The group of the
formula (f) is particularly preferably a 1,3,5-triazine.
In a preferred embodiment of the invention, R10 is
selected from the following formulae, where the bond drawn
in indicates the position of the link to Y%

AN N
7 /Qig
L/l

\ \
LHk Lk
e X
P V
N N
ANV
Vi M
\ \
L)k L)k

Furthermore, m in all embodiments according to the
invention is preferably equal to 1 or 2.

In addition, n in all embodiments according to the inven-
tion 1s preferably equal to 1, 2 or 3.

The object according to the invention is also achieved by
a compound, an oligomer or a polymer which contains a
structural unit of the general formula (13) to (21):

formula (13)

formula (14)

formula (15)
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formula (16)

formula (17)

formula (18)

formula (19)

formula (20)

formula (21)

where the symbols Ar, L, Y" and G and the index m have the
same meanings as in the above embodiments, and the other

symbols and indices have the following meanings:

M is a mono-, di-, tri- or tetravalent metal;

L is a bidentate ligand of the following formula (g);
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formula (g)
R! R!
Rl R!
N TR
—ed T
=
Rl/\%\N R!
W \
N

where the bond dash leading away from Y2 represents a

bond to Ar in the structural units of the formulae (13) to

(21), and the arrows leading away from W and N repre-

sent a coordination bond to M, and the symbols Y*, W and

R' have the same meanings as defined in the above

claims, where one R' is not present and the quinoline unit

is bonded to Y? at this position;
ais 0, 1 or 2;
bisOorl;
with the proviso that the bond dashes leading away from L
in the structural units of the formulae (13) to (21) represent
abond to M of a further structural unit, and the bond dashes
leading away from M in the structural units of the formulae
(13) to (21) represent a bond to L of a still further structural
unit.

“Polymer” is taken to mean a polymeric compound,
which preferably have 10 to 10000, particularly preferably
20 to 5000 and in particular 50 to 2000 structural units
(recurring units), i.e. has been built up from a correspond-
ingly large number of monomers. An “oligomer” is taken to
mean, in accordance with the invention, compounds which
preferably have 2 to 9 recurring units. The branching factor
of the polymers here is between 0O (linear polymer with no
branching points) and 1 (fully branched dendrimer). L.e. the
terms “polymer” and “oligomer” accordingly also encom-
pass dendrimers.

The term “dendrimer” in the present application is
intended to be taken to mean a highly branched compound
which is built up from a multifunctional centre (core), to
which branched monomers are bonded in a regular structure,
giving a tree-like structure. Both the core and the monomers
here can adopt any desired branched structures. “Den-
drimer” here is generally intended to be understood as
described, for example, by M. Fischer and F. Vogtle (4ngew.
Chem., Int. Ed. 1999, 38, 885).

M in the structural unit of the general formula (13) to (21)
is preferably an element, a metal or a metal ion of an element
selected from the group consisting of Ca, Mg, Ba, Zn, B, Al,
Zr, Cu, Sc and Y, particularly preferably Ca, Mg, Zn, Al and
7r. AI** is extraordinarily preferred.

The following preferably applies to the compound, oli-
gomer or polymer of the formulae (13) to (15):

If M is a metal having four coordination sites, then a is equal
to O

if M is a metal having five coordination sites and L' is
monodentate, then a is equal to 1;

if M is a metal having six coordination sites and L' i
monodentate, then a is equal to 2;

if M is a metal having seven coordination sites and L' i
monodentate, then a is equal to 3;

if M is a metal having eight coordination sites and L' i
monodentate, then a is equal to 4;

if M is a metal having six coordination sites and L' i
bidentate, then a is equal to 1;
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if M is a metal having seven coordination sites and L' is
bidentate, then a 1s equal to 2.

The following preferably applies to the compounds of the
formulae (16) to (18):

If M is a metal having six coordination sites, then a is equal
to 0;

if M is a metal having seven coordination sites and L' is
monodentate, then a is equal to 1

if M is a metal having eight coordination sites and L' is
monodentate, then a is equal to 2;

if M is a metal having eight coordination sites and L' is
bidentate, then a is equal to 1.

In a further embodiment of the present invention, it is
preferred for M in the structural unit of the general formula
(13) to (21) to be a metal having four, six or eight coordi-
nation sites.

The index m in the structural unit of the general formula
(13) to (21) is preferably equal to 1 or 2.

In still a further embodiment of the present invention, the
further structural unit and the still further structural unit in
the compound, oligomer or polymer in accordance with the
above-mentioned embodiments is in each case, indepen-
dently of one another, a structural unit which include a metal
and/or a mono- or bidentate ligand. The further and still
further structural unit may be identical or different from one
another. The further structural unit and the still further
structural unit is particularly preferably in each case, inde-
pendently of one another, a structural unit of the formula
(13) to (21). The further and still further structural unit is
extraordinarily preferably a structural unit of the same
formula as the structural unit according to the invention. In
this case, the oligomer or polymer is a homopolymer.

If the structural unit of the general formula (13) to (21) in
the compound, oligomer or polymer in accordance with the
above-mentioned embodiments is a terminal structural unit
in the compound, oligomer or polymer, either a unit of the
following formula (h) is bonded to L or a unit of the
following formula (i) is bonded to M:

formula (h)
l\l/[—{' Lla
|
Ar+Y'—Gl,

formula (i)

—L—Ar—Y'—Gl,

where the symbols M, L, I, Ar, Y* and G and the index m
have the same meanings as in the above embodiments and
the index d is equal to 0, 1, 2, 3 or 4.

In a further embodiment, it is preferred for Ar in the
compound of the general formulae (1) to (12) or the com-
pound, oligomer or polymer of the general formulae (13) to
(21) to be an aromatic or heteroaromatic ring system having
5 to 22 aromatic ring atoms, which may be substituted by
one or more radicals R?. An aromatic or heteroaromatic ring
system is taken to mean a ring system as defined above,
which preferably has 5 to 22 ring atoms. It is furthermore
particularly preferred for Ar to be selected from the group
consisting of phenyl, naphthalene, anthracene, phenan-
threne, benzanthracene, benzophenanthrene, dibenzanthra-
cene, pyrene, 1,3,5-triazine, pyrazine, quinoxaline and
phenanthroline. The groups mentioned above for Ar are
particularly preferred.
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In still a further embodiment, it is preferred for Y* and Y*
in the compound of the general formulae (1) to (12) or the
compound, oligomer or polymer of the general formulae
(13) to (21) in each case, independently of one another,
either not to be present or to represent an aromatic or
heteroaromatic ring system having 5 to 10 aromatic ring
atoms. Y' and Y are particularly preferably each selected,
independently of one another, from the group consisting of
a single covalent bond, phenyl, naphthalene, anthracene and
thiophene. The groups mentioned above for Y' and Y? are
particularly preferred.

The group W in the embodiments according to the inven-
tion is preferably an oxygen atom.

The group L' is preferably a monodentate or bidentate
ligand. Examples of monodentate ligands L' include the
following structures (1) to (26):
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(26)

10

Structures (1) to (23) coordinate here via the oxygen and
structures (24) to (26) via the silicon.

L' is preferably a bidentate ligand. L' is particularly
preferably equal to 8-hydroxyquinoline.

In accordance with the invention, the preferred embodi-
ments mentioned above can be combined with one another
as desired.

Examples of suitable compounds according to the inven-
tion are compounds (1) to (160) shown below:

@
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The present invention also relates to a ligand of the
following formula (1%,

formula (17)
B R! R!
R! R!
I XX
[G—Yl-]TAr——YZI—
Z
N A%\N N
1
L H

where the symbols and indices used have the same meanings
as in the above-mentioned embodiments. Above-mentioned
preferred meanings are likewise preferred here.

In a further embodiment of the present invention, the
ligand of the formula (1') is used for the preparation of a
coordination compound. To this end, the free ligand is
reacted, for example, with a corresponding metal salt to give
the complex.

Accordingly, the present invention also relates to a pro-
cess for the preparation of a compound, oligomer or polymer
of the formulae (1) to (21). The compounds of the formulae
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(1) to (21) according to the invention can be prepared by
synthetic steps which are generally known to the person
skilled in the art. A first step involves the synthesis of the
corresponding ligands, which are combined in a further step
to give the desired ligand system. This is followed by a
reaction with the corresponding metal, which is usually
employed as a solution of a suitable metal salt, for example
nBuLi/CH,CN or AICL,/EtOH.

A general synthetic procedure for the preparation of the
compound, oligomer or polymer of the formulae (1) to (21)
is depicted in Schemes (1) and (2). The central metal M here
can be replaced in analogous reactions by one of the other
metals mentioned above.

Scheme (1):
B Rl Rl ]
Rl R
| X nBuLiCH;CN
[G=Y 4z Ar——Y2——— —_ >
S
Rl 2y R
W
g
—_ —_1
R1 R1
R1 R1
N R
o rlﬂm_Ar__Yzf_\/\/[
P
RI 7 N RI
w. [/
i
— -
Scheme (2):
B R1 R1 N
R1 R1 AlLY;,
T
FtOH
[G—Yl-];Ar—YZ\:AHI - .
Z
R1MN R1
AN

H

Rl R
R1 R1
I X X
[G— Yl Ar—Y2————
P
1/‘\(‘\N R1
W

R \

L AL,

The present invention additionally relates to a process for
the preparation of a ligand in which a compound of the
following formula (A) is coupled to a compound of the
following formula (B) by metal-catalysed Suzuki, Stille,
Heck, Negishi, Sonogashira or Kumada cross-coupling reac-
tions, giving a compound of the following formula (C):

formula (A)
[G— Y4B
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formula (B)
_ 2l Q! _
R! R!
I xR
A—Ar——YZI—
Z
R])\%\N R!
- OP —n
formula (C)

_ 2l " _
R! R!
I S
[G—Yl-]m—Ar——Yzl—
Z
RI)YKN R!
L OP _

where

A and B are each selected, independently of one another,
from the group of Br, Cl, I, O-triflate, OSO,R',
B(OR™),, Sn(R"?),, ZnR"?, where R'* is selected on each
occurrence, independently of one another, from the group
consisting of H, an aliphatic hydrocarbon radical having
1 to 20 C atoms and an aromatic hydrocarbon radical
having 1 to 20 C atoms, and where two or more radicals
R'? may also form a ring system with one another;

P is a hydroxyl-protecting group; and the other symbols and
indices have the same meanings as in the above embodi-
ments.

Examples of the hydroxyl-protecting group P are methyl,
t-butoxycarbonyl, benzyl, tri-t-butylsilyl ether, t-butyldim-
ethylsilyl ether, t-butyldiphenhylsilyl ether and trimethylsi-
lyl ether.

A general synthetic procedure for the preparation of
compounds of the formula (C) according to the invention is
depicted in Scheme (3).

Scheme (3):
O—RI12
[G—Y+—B +
O—RI12
RI RI
RI RI
| XN Pd(0)
Br— Ar——Y,———— R
F
RIMN RI
W,

—n
R R
Rl R1
i xR
[6— Y Ar—— Y,
P
Rl)\(KN R1
W,
g

—n

In the case where two radicals R* can form a ring system,
these two linked radicals R'? preferably represent a divalent
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aliphatic group having 2 to 8 carbon atoms. Examples
thereof are compounds of the following formula —CH,
(CH,),CH,—, where n=0, 1, 2, 3, 4, 5 or 6, where n=0, 1,
2 or 3 is preferred. In the case where more than two radicals
R*? form a ring system with one another, these radicals R
represent with one another a branched tri-, tetra-, penta- or
polyvalent aliphatic group having 6 to 20 carbon atoms.

The present invention also relates to a process for the
preparation of a compound of the following formula (B) in
which a compound of the following formula (D) is reacted
with a compound of the following formula (E) by, for
example, metal-catalysed Suzuki, Stille, Heck, Negishi,
Sonogashira, Kumada, etc., cross-coupling reactions or by
nucleophilic addition onto a carbonyl group, giving a com-
pound of the following formula (C):

formula (B)
_ 2l 2l -
R R!
T R
A—Ar——Y? :
F
R’ N R!
[0)%
e -l
formula (D)
A—Ar—E
formula (E)
R! R!
R R!
T N
D—YZ:—
F
R‘)\‘/KN Rl
[0)Y
where

D is selected from the group consisting of Br, Cl, 1, O-tri-
flate, OSO,R', B(OR'?),, Sn(R'%), ZnR'?, Li and
MgBr;

E is selected from the group consisting of Br, Cl, I, O-triflate,
OSO,R", B(OR'),, Sn(R'?),, ZnR'? or where E,
together with the C atom to which it is bonded, forms a
unit C=0;

and the other symbols and indices have the same meanings

as in the above embodiments.

A general synthetic procedure for the preparation of
compounds of the formula C according to the invention is

depicted in Scheme (4).

Scheme (4):

O—RI12
O—RI12
n

B RI RI ]
R1 R
I AV
Br—Y,——
P
RIMN R
L op _

Pd(0)
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B RI R1 ]
R1 I N SN R1
A—A——Y2 |
R1 / N/ R1
[0)3

The present invention also relates to the use of a com-
pound of the formula (C) for the preparation of a metal
complex. To this end, the hydroxyl-protecting group on the
compound of the formula (C) is cleaved off, and the resultant
compound of the formula (1') is reacted, for example, with
a corresponding metal salt to give the complex.

The synthesis of a compound of the formula (1) is
depicted by way of example in Scheme 5.

Scheme 5:
1

X

/
N

OTDBMS

0] N
\B /
? / < > <
(0] N

N
N
TBDMSO Q O 4 D
N

Pd(0)

e

BuyNF
—_—
N
N
—_—
N
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The synthesis of a compound of the formula (X) is shown
by way of example in Scheme 6: 2-bromoanthraquinone is
converted into the corresponding bromobis(hydroxyquino-
line) derivative by reaction with a hydroxy-quinolinemag-
nesium bromide derivative and subsequent reduction using
SnCl,. This product is subsequently converted into the
corresponding boronic ester. The resultant compound is
reacted with 2,4-diphenyl-1,3,5-triazine by Suzuki coupling.
After deprotection of the hydroxyl groups, the compound is

reacted with n-Bul.i to give the compound according to the

invention.
Scheme 6:
MgBr
0 \
Br =
N
OTBDMS
(6]
N OTBDMS
Br
SnClI2
_—
OTBDMS
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OTBDMS ox
N, N
O = X
5
# 7 Py
Br \N
1. nBuLi, B(iPrO)3 10 nBuLi/CH3CN
2. H+
F
Va
15 I
x N
N
OTBDMS i
20
N
25
OTBDMS

N
= N
N
VY | 30
N\KN

OH
B/
~on a
Pd(0)
/
T
N

35
O Instead of the phenyl derivative and anthraceny! deriva-
tive, all other compounds having various aromatic skeletons
OTBDMS 40 and bonded nitrogen-containing heterocycles (for example

pyridine, pyrimidine, triazine, benzimidazole) can be pre-
pared analogously thereto.

The invention also relates to the use of the compounds
according to the invention in an electronic device, in par-
ticular as electron-transport material. In accordance with the
invention, the electronic device can be, for example, organic
electroluminescent devices (OLEDs) or polymeric electrolu-
minescent devices (PLEDs), organic integrated circuits
OTBDMS 5o (O-ICs), organic field-effect transistors (O-FET5), organic

thin-film transistors (O-TFTs), organic light-emitting tran-
sistors (O-LETs), organic solar cells (O-SCs), organic opti-
cal detectors, organic photoreceptors, organic field-quench
devices (O-FQDs), light-emitting electrochemical cells
55 (LECs) or quench devices (O-FQDs), light-emitting elec-
trochemical cells (LECs) or organic laser diodes (O-lasers),
but in particular organic electroluminescent devices
(OLEDs, PLED:s).
The invention also relates to the use of the compounds
60 according to the invention as charge-transport material and/
or charge-injection material, preferably in a corresponding
layer. These are, in particular, electron-transport layers or
electron-injection layers. The use as charge-blocking mate-
rial is also possible.
65  The invention likewise relates to electronic devices, such
as, for example, organic electroluminescent devices or poly-
meric electroluminescent devices (OLEDs, PLEDs), organic

45

TBAF
—_—

OTBDMS
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integrated circuits (O-ICs), organic field-effect transistors
(O-FETs), organic thin-film transistors (O-TFTs), organic
light-emitting transistors (O-LETs), organic solar cells
(O-SCs), organic optical detectors, organic photoreceptors,
organic field-quench devices (O-FQDs), light-emitting elec-
trochemical cells (LECs) or organic laser diodes (O-lasers),
but in particular organic electroluminescent devices (organic
light-emitting diodes, OLEDs, PLEDs), comprising one or
more compounds, oligomers or polymers of the formulae (1)
to (21), as defined above. The electronic device here com-
prises anode, cathode and at least one layer which comprises
at least one organic or organometallic compound. However,
the device may also comprise inorganic materials.

The compound. oligomer or polymer of the formulae (1)
to (21) is preferably present within one layer in the elec-
tronic device.

The invention thus also relates to a layer comprising at
least one compound, oligomer or polymer of the formulae
(1) to (21), as defined above.

The organic electroluminescent device comprises cath-
ode, anode and at least one emitting layer. Apart from these
layers, it may also comprise further layers, for example in
each case one or more hole-injection layers, hole-transport
layers, hole-blocking layers, electron-transport layers, elec-
tron-injection layers, exciton-blocking layers and/or charge-
generation layers. Interlayers, which have, for example, an
exciton-blocking function, may likewise be introduced
between two emitting layers. However, it should be pointed
out that each of these layers does not necessarily have to be
present. These layers may comprise a compound, oligomer
or polymer of the formulae (1) to (21), as defined above

In a preferred embodiment of the invention, the com-
pound, oligomer or polymer of the formulae (1) to (21) is
employed as compound in an electron-transporting layer.
The organic electroluminescent device here may comprise
one electron-transporting layer or it may comprise a plural-
ity of electron-transporting layers, where at least one elec-
tron-transporting layer comprises at least one compound,
oligomer or polymer of the formulae (1) to (21), as defined
above. The device may furthermore comprise further
charge-transport layers and emitting layers.

Preference is furthermore given to an organic electrolu-
minescent device in which one or more layers are applied by
means of a sublimation process, in which the materials are
applied by vapour deposition in vacuum sublimation units at
an initial pressure of less than 10~> mbar, preferably less
than 107° mbar. It is also possible for the initial pressure to
be even lower, for example less than 1077 mbar.

Preference is likewise given to an organic electrolumi-
nescent device, characterised in that one or more layers are
applied by means of the OVPD (organic vapour phase
deposition) process or with the aid of carrier-gas sublima-
tion, in which the materials are applied at a pressure between
107> mbar and 1 bar. A special case of this process is the
OVIP (organic vapour jet printing) process, in which the
materials are applied directly through a nozzle and thus
structured (for example M. S. Arnold et al., Appl. Phys. Lett.
2008, 92, 053301).

Preference is furthermore given to an organic electrolu-
minescent device, characterised in that one or more layers
are produced from solution, such as, for example, by spin
coating, or by means of any desired printing process, such
as, for example, screen printing, flexographic printing, offset
printing, LITT (light induced thermal imaging, thermal trans-
fer printing), inkjet printing or nozzle printing. Soluble
compounds, which are obtained, for example, by suitable
substitution, are necessary for this purpose. Since the com-
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pounds according to the invention have high solubility in
organic solvents, they are particularly suitable for process-
ing from solution.

These processes are generally known to the person skilled
in the art and can be applied by him without problems to
organic electroluminescent devices comprising a compound,
oligomer or polymer of the formulae (1) to (21), as defined
above.

The invention furthermore relates to a formulation or
solution comprising at least one compound of the formula
(1) to (21) and at least one solvent, preferably an organic
solvent.

The compounds according to the invention described
above, in particular compounds which are substituted by
reactive groups or are functionalised, can be used as mono-
mers for the generation of corresponding oligomers, den-
drimers or polymers.

The compounds according to the invention and the
organic electroluminescent devices produced therewith are
distinguished by the following surprising advantages com-
pared with the prior art:

The compounds according to the invention have high
solubility and can therefore be processed very well
from solution.

Organic electroluminescent devices comprising a com-
pound, oligomer or polymer of the formulae (1) to (21)
as electron-transport materials have an excellent life-
time.

On use of the compounds according to the invention as
electron-transport materials, it is not necessary to use a
separate electron-injection layer or to dope the elec-
tron-transport layer with a further electron-injection
material. This represents an advantage in the produc-
tion of the OLED.

The compounds according to the invention, employed in
organic electroluminescent devices, result in high effi-
ciencies and in steep current/voltage curves at the same
time as a low use voltage.

These above-mentioned advantages are not accompanied
by an impairment of the other electronic properties.

The invention is explained in greater detail by the fol-
lowing examples, without wishing to restrict it thereby. The
person skilled in the art will be able to synthesise further
compounds according to the invention without inventive
step and employ them in organic electroluminescent
devices.

EXAMPLES

The following syntheses are carried out, unless indicated
otherwise, under a protective-gas atmosphere in dried sol-
vents.

8-Hydroxyquinoline can be halogenated in the 5-position
in accordance with Synthesis, 2006, 8 1325 or Chem. Eur. J.,
2003, 11, 6818, and the hydroxyl group can subsequently be
protected as silyl ether.

4-Bromobenzaldehyde can be converted into the corre-
sponding bromobenzimidazole derivative by reaction with
N-phenyl-o-phenylenediamine in the presence of Oxone®,
and this is subsequently converted into the corresponding
boronic ester:
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O N
Oxone
Br + _—
)i
N

(0] (6]
\ /
B—B
N CE

N Pd(0)

O\ N
E/ 8 < > </

/
(¢} N

The resultant compound is reacted with the iodohydroxy-
quinoline derivative by Suzuki coupling. After deprotection
of the hydroxyl group, the compound is reacted with n-Bul i
to give the compound according to the invention.

Example 1: Synthesis of lithium 5-[4-(1-phenyl-1H-
benzimidazol-2-yl)phenyl]-8-hydroxyquinolate

a) 8-Hydroxy-5-iodoquinoline

A solution of 8-hydroxyquinoline (25.0 g, 172.3 mmol),
Nal (26.0 g, 172.5 mmol) and NaOH (6.9 g, 172.5 mmol) in
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MeOH (750 ml) is degassed by passing-through of N, for 60
min. at room temperature. After cooling to -30° C., a 5%
aqueous NaOCI solution (250 ml) is added dropwise. The
mixture is stirred vigorously at =30° C. for 30 min. and then
neutralised using a 10% aqueous HCI solution. The precipi-
tated product is filtered off. After two recrystallisations from
MeOH/heptane (1:1, v/v), a pale-yellow solid is obtained
(14 g, 27%).

b) 8-(tert-Butyldimethylsilyloxy)-5-iodoquinoline

A

\

N

OTBDMS

8-Hydroxy-5-iodoquinoline (7.0 g, 25.8 mmol), imida-
zole (1.85 g, 27.2 mmol) and tert-butyldimethylsilyl chlo-
ride (4.28 g, 28.4 mmol) are dissolved in anhydrous CH,Cl,
(40 ml) under N,. The mixture is stirred vigorously over-
night, then diluted with CH,Cl, (60 ml) and washed with 5%
aqueous HCI (2x30 ml) and water (40 ml). The organic
phase is dried over sodium sulfate, and the solvent is
distilled off under reduced pressure, leaving a brown liquid.
This crude product is purified by flash chromatography on
silica (heptane:ethyl acetate 5:1). The end product is isolated
as pale-yellow solid (8 g, 80%).

¢) 2-(4-Bromophenyl)-1-phenyl-1H-benzimidazole
N
\>_©7 "
N

N-Phenyl-o-phenylenediamine (50 g, 0.27 mol) is dis-
solved in anhydrous DMF (400 ml) under N,, and 4-bro-
mobenzaldehyde (45.5 g, 0.25 mol) is added dropwise. The
reaction mixture is warmed to 40° C., and Oxone (potassium
hydrogen monopersulfate, 98.1 g, 0.16 mol) is added in
portions. After the mixture has been stirred at room tem-
perature for 120 min., 1 1 of water is added. The precipitated
product is filtered off, washed with water and dried in vacuo.
Recrystallisation from acetonitrile gives a cream-coloured
solid (31 g, 35%).
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d) 1-Phenyl-2-[4-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)phenyl]-1H-benzimidazole

o\ N
5 < > </
/
0 N

A mixture of 2-(4-bromophenyl)-1-phenyl-1H-benzimi-
dazole (20.0 g, 57 mmol), bis(pinacolato)diboron (16.0 g, 63
mmol), potassium acetate (18.6 g, 0.19 mol), PAC1,(dppf)x
CH,Cl, (0.75 g, 1 mmol) and dioxane (360 ml) is degassed
for 30 min. The reaction mixture is heated under reflux for
6 h. After cooling to room temperature, the mixture is poured
into ice-water (80 ml) and extracted with toluene. The
combined organic phases are dried over sodium sulfate, and
the solvent is distilled off under reduced pressure, leaving a
brown liquid. The end product is isolated as pale-brown
solid (22.8 g, 97%).

e) 8-(tert-Butvldimethylsilanyloxy)-5-[4-(1-phenyl-
1H-benzimidazol-2-yl)phenyl|quinoline

N

N
N

A mixture of 1-phenyl-2-[4-(4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan-2-yl)phenyl]-1H-benzimidazole (8.9 g, 22.4
mmol), 8-(tert-butyldimethylsilyloxy)-5-iodoquinoline (7.2
g, 18.69 mmol), toluene (110 ml) and dioxane (110 ml) is
degassed by passing through of N, for 30 min. Pd(OAc), (9
mg, 0.04 mmol) and tris-o-tolylphosphine (75.6 mg, 0.25
mmol) is then added, and the mixture is heated at 80° C. for
8 h. After cooling to room temperature, the mixture is diluted
with water (100 ml) and extracted with ethyl acetate (3x50
ml). The combined organic phases are dried over sodium
sulfate, and the solvent is removed under reduced pressure.
The crude product is purified by flash chromatography on
silica and crystallisation (7.9 g, 80%).
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) 5-[4-(1-Phenyl-1H-benzimidazol-2-yl)phenyl]
quinolin-8-ol

N

N
(O~
N

HO

A 1M TBAF solution in THF (22.4 ml, 22.4 mmol) is
added dropwise to a solution of 8-(tert-butyldimethylsila-
nyloxy)-5-[4-(1-phenyl-1H-benzimidazol-2-yl)phenyl|qui-
noline (7.9 g, 14.90 mmol) in THF (20 ml). After stirring for
4, the mixture is washed with 5% aqueous NH,Cl1 (100 ml)
solution and extracted with ethyl acetate (3x50 ml). The
combined organic phases are dried over sodium sulfate, and
the solvent is removed under reduced pressure. The crude
product is purified by flash chromatography on silica and
crystallisation from MeOH (5.9 g, 90%).

2) Lithium 5-[4-(1-phenyl-1H-benzimidazol-2-y1)
phenyl]-8-hydroxyquinolate

5-[4-(1-Phenyl-1H-benzimidazol-2-yl)phenyl|quinolin-
8-0l (2.1 g, 4.8 mmol) is dissolved in acetonitrile (100 ml),
and 2.5 M n-butyllithium (1.9 ml, 4.8 mmol) is added. The
solution is stirred at room temperature for 1 h. The yellow
precipitate is filtered off, washed with acetonitrile and dried

in vacuo (1.9 g, 94%).
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Example 2: Synthesis of lithium 5,5'-[2-(9,10-an-
thracen-2-yl)-4,6-diphenyl-1,3,5-triazinyl] bis-8-qui-
nolinate

a) 5,5'-(2-Bromoanthracene-9,10-diyl)-8-(tert-bu-
tyldimethylsilanyloxy )bisquinoline

OTBDMS

OOO Br

OTBDMS

Magnesium (2.3 g, 97 mmol) is initially introduced in 50
ml of dry THF. A solution of 5-bromo-8-hydroxyquinoline
(20 g, 89 mmol) in 400 ml of dry THF is added dropwise,
the mixture is stirred at 70° C. for 2 h, then allowed to come
to room temperature. The resultant Grignard reagent is
added dropwise, with ice-cooling, to 2-bromo-9.10-anthra-
quinone (25.5 g, 89 mmol) in 200 ml of dry THF. After 4 h
with ice-cooling, 200 ml of saturated NH,CI solution are
slowly added dropwise, the mixture is extracted with ethyl
acetate, the organic phase is dried over Na,SO, and evapo-
rated in a rotary evaporator. The reaction mixture (52 g) is
suspended in DMF (400 ml), tin chloride (67.5 g, 356 mmol)
is added, and the mixture is heated to 140° C. 300 ml of
EtOH are added, then 50 ml of 2M HCL are added dropwise.
The solid is filtered off, washed with EtOH and dried in
vacuo (38.2 g, 51%).
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b) Bis-(8-(tert-butyldimethysilanyloxyquinolin-5-
y1)-9,10-anthracenyl)-2-boronic acid

OTBDMS
N,
O )
S
5 _OH
OOO -
F
x
N

OTBDMS

39.3 g (51 mmol) of the bromide from a) are dissolved in
600 ml of dry THF and cooled to -78° C. 26.2 ml (65.7
mmol/2.5 M in hexane) of n-butyllithium are added over the
course of about 5 min. at this temperature, and the mixture
is subsequently stirred at =78° C. for a further 2.5 h. 7.3 ml
(65.7 mmol) of trimethyl borate are added as rapidly as
possible at this temperature, and the reaction is allowed to
come slowly to RT (about 18 h). The reaction solution is
washed with water, and the precipitated solid and the organic
phase are dried azeotropically with toluene. The crude
product is washed by stirring with toluene/methylene chlo-
ride at about 40° C. and filtered off with suction, giving 30.1
g (80%) of the product as white solid.

¢) 5,5-(2-(4,6-Diphenyl-1,3,5-triazinyl)anthracene-

9,10-diyl)-8-(tert-butyldimethylsilanyloxy )bisquino-
line

OTBDMS

N,

oo

AN Py
AN \N
P

/

X
F
7
\N N
OTBDMS

34.4 g (46.8 mmol) of the boronic acid from b), 113 g
(42.15 mmol) of 2-chloro-4,6-diphenyl-1,3,5-triazine and
9.9 g of sodium carbonate are suspended in 300 ml of
dioxane, 300 ml of toluene and 100 ml of water. 2.7 g (2.3
mmol) of Pd(PPh;), are added to this suspension. The
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reaction mixture is heated under reflux for 7 h. After cooling,
the precipitated solid is filtered off with suction, washed with
water and ethanol and dried. The residue is extracted with
hot toluene and recrystallised from toluene. Yield: 27.2 g,
70% of theory

d) 5,5'-[2-(4,6-Diphenyl-1,3,5-triazinyl)anthracene-
9,10-diyl)bisquinolin-8-o0l

OH

N
S

7 Py

X
¢
X
N

OH

A 1M TBAF solution in THF (22.4 ml, 22.4 mmol) is
added dropwise to a solution of 5,5'-(2-(4,6-diphenyl-1,3,5-
triazinyl)anthracene-9,10-diy1)-8-(tert-butyldimethylsilany-
loxy)bisquinoline (13.76 g, 14.90 mmol) in THF (20 ml).
After stirring for 4 h, the mixture is washed with 5% aqueous
NH,CI solution (100 ml) and extracted with ethyl acetate.
The combined organic phases are dried over sodium sulfate,
and the solvent is removed under reduced pressure. The
crude product is purified by flash chromatography on silica
and with crystallisation from MeOH (9.25 g, 90%).

e) Lithium 5,5'-[2-(4,6-diphenyl-1,3,5-triazinyl)-(9,
10-anthracenediyl)]-bis-8-quinolinolate

5,5'-[2-(4,6-Diphenyl-1,3,5-triazinyl Janthracene-9,10-
diyD)bisquinolin-8-ol (6.95 g, 10 mmol) is dissolved in
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acetonitrile (300 ml), and 2.5 M n-butyllithium (9.9 ml, 25
mmol) is added. The solution 1s stirred at room temperature
for 1 h. The yellow precipitate is filtered off, washed with
acetonitrile and dried in vacuo (5.8 g, 80%).

Example 3: Production of OLEDs

OLEDs according to the invention and OLEDs in accor-
dance with the prior art are produced by a general process in
accordance with WO 2004/058911, which is adapted to the
circumstances described here (layer-thickness variation,
materials used).

The results for various OLEDs are presented in Examples

4 to 23 below (see Table 1 and 2). Glass plates coated with
structured ITO (indium tin oxide) in a thickness of 150 nm
are coated with 20 nm of PEDOT (poly(3,4-ethylenedioxy-
2,5-thiophene), spin-coated from water: purchased from H.
C. Starck, Goslar, Germany) for improved processing. These
coated glass plates form the substrates to which the OLEDs
are applied. The OLEDs have the following layer structure:
substrate ITO/hole-transport layer (HTL 140 nm)/interlayer
(IL 5 nm)/electron-blocking layer (EBL 20 nm)/emission
layer (EML (H1 or H2+x % by vol. of D1 or D2) z
nm)/electron-transport layer (ETL y nm)/optional electron-
injection layer (FIL 1 nm) and finally a cathode. The cathode
is formed by an aluminium layer with a thickness of 100 nm.
The precise structure of the OLEDs is shown in Table 1. The
materials used for the production of the OLEDs are shown
in Table 3.

All materials are applied by thermal vapour deposition in
a vacuum chamber. The emission layer here always consists
of at least one matrix material (=host material) and an
emitting dopant (=emitter), which is admixed with the
matrix material or the matrix materials in a certain propor-
tion by volume by co-evaporation. An indication such as
H1:D1 (95%: 5%) here means that material H1 is present in
the layer in a proportion by volume of 95% and D1 1s present
in the layer in a proportion by volume of 5%. The electron-
transport layer can also consist analogously of a mixture of
two materials.

The OLEDs are characterised by standard methods. For
this purpose, the electroluminescence spectra, current/volt-
age/luminance characteristic lines (IUL characteristic lines)
and the lifetime are measured. The lifetime is defined as the
time after which the Iuminous density has dropped to a
certain proportion from a certain initial luminous density I,.
The indication LD50 means that the said lifetime is the time
at which the luminous density has dropped to 0.5-1, (to
50%), i.e. from, for example, 6000 cd/m? to 3000 cd/m>. The
current efficiency (cd/A) and the power efficiency (Im/W)

are calculated from the IUL characteristic lines.



US 9,741,944 B2

77

The compounds according to the invention can be
employed, inter alia, as electron-transport material for fluo-

rescent and phosphorescent OLEDs. Compounds FTM?2,

78

TABLE 1-continued

Structure of the OLEDS

ETM3 and ETM4 according to the invention are used here. 3
. . . . Ex. EML ETL EIL
The comparison in accordance with the prior art used is
compound ETM1. The results for the OLEDs are sum- 18 D2 ETM3 o
marised in Table 2. Ex. 1-9 show OLEDs comprising 0 (83%:15%) 20 1m
materials in accordance with the prior art and serve as 40 nm
comparative examples. The OLEDs according to the inven- 19 H2:D2 ETM4 -
Lo o 85%:15% 20 nm
tion in Ex. 10-23 exhibit the advantages on use of com- (®5%:15%)
40 nm
pounds of the formula (1) according to the invention. The 15
20 H2:D2 ETM1 ETM2
use of compounds according to the invention enables (85%:15%) 20 mm
improvements to be achieved, compared with the prior art, 40 nm
in the operating voltage, efficiency and lifetime of the 21 H2:D2 ETM1 ETM3
components 20 (85%:15%) 20 m
. . 40 nm
Compared with the reference components, the electrical
characteristic data are in all cases comparable or better. With 2 H2:D2 ETMI:EMTS3
an otherwise identical layer structure, the components (85%:15%) (50:50)
according to the invention exhibit improved performance 25 40 nm 20 1m
data. 23 H2:D2 ETM1:ETM4
(85%:15%) (50:50)
TABLE 1
40 nm 20 nm
Structure of the OLEDS 30
Ex. EML ETL EIL
4 (comp.) H1:D1 ETM1 — TABLE 2
(95%:5%) 20 nm
30 nm
5 (comp.) H1:D1 ETM1 EIL1 35 Results for the OLEDS
(95%:5%) 20 nm 1 nm
30 nm . :
6 (comp.) HI:DI ETML:EILL — Voltage  Efficiency LD50
(95%:5%) (50:50) [V] for [cd/A] at CIE ®/y at Ih=
30 nm 20 nm 5 5
7 (comp.) H2:D2 ETMI o 40 Ex. 1000 ¢d/m2 1000 ¢d/m2 1000 ¢d/m 6000 ¢d/m
(85%:15%) 30 nm
40 nm <
)
8 (comp.) B ETMI - 4 (comp.) 7.5 43 0.146  0.167 50
(85%:15%) 30 nm 1 nm 10 44 8.1 0.143  0.161 130
40 nm
)
9 (comp) Do ETMI-EILL - us 11 4.8 74 0.143  0.162 100
(85%:15%) (50:50) 12 40 8.3 0.141  0.160 160
40 nm 30 nm
0 H1DI ETMD - 5 (comp.) 44 7.8 0.142  0.160 160
(95%:5%) 20 nm 13 43 8.1 0.142  0.161 180
30 nm
" HLDI ETM3 . . 14 40 8.3 0.142  0.161 210
(95%:5%) 20 nm 6 (comp.) 43 7.9 0.142  0.162 230
30 nm <
b D1 ETMA4 - 15 3.9 8.6 0.143  0.161 260
(95%:3%) 20 nm 16 4.0 8.8 0.143  0.162 280
30 nm
5 D1 ETMI ETMD 7 (comp.) 7.1 14.8 034 058 110
(95%:5%) 20 nm 55 17 48 36.3 0.35 0.61 280
30 nm
" H1D1 ETMI ETMG 18 4.6 424 035 061 360
(95%:3%) 20 nm 19 3.9 463 035 061 380
30 nm
5 HLDI ETMLEMTS 8 (comp.) 3.8 39.3 035 0.60 670
(95%:3%) (50:50) 60 20 3.7 401 035 0.60 750
30 nm 20 nm
1 HLDI ETM1ETMA 21 3.6 40.6 035 0.60 780
(95%:3%) (50:50) 9 (comp.) 3.7 425 035 061 860
30 nm 20 nm
)
" S ETMD - 2 3.8 453 035 061 950
(85%:15%) 20 nm 65 23 3.5 48.7 035 061 1030

40 nm
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TABLE 3

Structural formulae of the materials used

L

HTL

EBL
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TABLE 3-continued

Structural formulae of the materials used

ETM1

H2

82
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Structural formulae of the materials used

L

JAN

|
N.

x
A

3
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The invention claimed is:
1. A compound of the general formula (1) or (2),

formula (1)
_ ol . _
R! R!
TR
[G—Y'4H—Ar Y2 :
&
R! 7 N R!
W\N{
LV
— k -
formula (2)
R R ]
Rl \ \ Rl
[G—YH— Ar ¥2 :
P
RITNE N Ny
W\_\\
}M_h,]
- 1,

where the symbols and indices used have the following
meanings:

G is, identically or differently on each occurrence, a group
of the following formula (a), (b) or (c):

formula (a)
R2
2
K v,
P—
2 N
R \ 3
R? R
formula (b)
v,
-~V
Q7
N —=x
Q\N’
\
R3
formula (c)
Q.
Ve
Q Q
[
=
~ N

Q s, isdentically or differently on each occurrence, a N or
CR’,

V is selected from the group consisting of O, S, N, CR*
and NR*, with the proviso that, if V is equal to 0, S or
NR*, R? represents a non-bonding electron pair;

the two dashed bonds in formula (a) and (b) mean that one
of the bonds is a single covalent bond and the other is
a double covalent bond;

R! is selected identically or differently on each occur-
rence, from the group defined for R?, R? or R*; where
one R! is not present, and the quinoline unit is bonded
to Y* at this position;

R?, R? and R* are, identically or differently on each
occurrence, a H, D, F, C1, Br, I, CHO, N(Ar"),, C(=0)
Ar',  P(=0)Ar'),,  S(=0)Ar', S(=0)Ar,
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CR>=CR®Ar, CN, NO,, Si(R?),, B(OAr),, B(OR®),,
OSO,R®, OH, a saturated or unsaturated, straight-
chain, branched or cyclic C,_,-alkyl group, C, ,o-
alkoxy group or C, _,,-thioalkyl group, each of which is
optionally substituted by one or more radicals R®,
where one or more non-adjacent CH, groups is option-
ally replaced by R°*C—=CR’, C=C, Si(R%),, Ge(R®),,
Sn(R%),, C=0, C=S8, C=Se, C=NR® P(=0)(R?),
SO, S0,, NR?, 0, S or CONR?, and where one or more
H atoms is optionally replaced by D, F, Cl, Br, I, CN or
NO,, an aromatic or heteroaromatic ring system having
5 to 60 aromatic ring atoms, which is optionally sub-
stituted by one or more radicals R® an aryloxy or
heteroaryloxy group having 5 to 60 aromatic ring
atoms, which is optionally substituted by one or more
radicals R®, and a combination of these systems; where
one of the substituents R?, R? or R* is not present on the
group G, and the group G is bonded to Y' at this
position;

W is, identically or differently on each occurrence, an O,
S or NR?, where R® is selected from the group defined
for R?, R® or R,

Y" and Y? are each, independently of one another, either
not present, so that the groups bonded thereto are linked
directly to one another by a single covalent bond, or are
a saturated, linear. branched or cyclic C,_,,-alkyl group
or an aromatic or heteroaromatic ring system having 5
to 60 ring atoms, which is optionally substituted by one
or more radicals R,

Ar is an aromatic or heteroaromatic ring system having 5
to 60 aromatic ring atoms, which is optionally substi-
tuted by one or more radicals R®, where R® is selected
from the group defined for R?, R? or R¥

Ar' is, identically or differently on each occurrence, an
aromatic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, which is optionally substituted by
one or more radicals R7, where, in addition, two
radicals Ar' which are bonded to the same nitrogen or
phosphorus atom is optionally linked to one another by
a single bond or a bridge selected from the group
consisting of B(R”), C(R"),, Si(R7),, C=0, C=NR’,
C=C(R"),, 0, S, S=0, SO, N(R"), P(R?) and P(=0)
R

R’ is, identically or differently on each occurrence, a H, D,
a saturated or unsaturated, linear, branched or cyclic
C,.5o-alkyl group, in which one or more H atoms is
optionally replaced by D or F, or an aromatic or
heteroaromatic ring system having 5 to 20 ring atoms,
in which one or more H atoms is optionally replaced by
F, and which is optionally substituted by one or more
radicals R®;

RS is, identically or differently on each occurrence, a H, D,
F, Cl, Br, I, CHO, N(Ar'),, C(=0)Ar", P(=0)(Ar"),,
S(=0)Ar', S(=0),Ar", CR’=CR’Ar', CN, NO,,
Si(R"), B(OAr"),, B(OR"),, OSO,R’, OH, or a satu-
rated or unsaturated, straight-chain, branched or cyclic
C,_somalkyl group, C, ,-alkoxy group or C, ,,-thio-
alkyl group, each of which is optionally substituted by
one or more radicals R7, where one or more non-
adjacent CH, groups is optionally replaced by
R’C=CR’, Si(R"),, Ge(R"),, Sn(R"),, C=0, C=S,
C—=Se, C=NR’, P(—=0)(R"), SO, 8O,, NR’, O, S or
CONR’, and where one or more H atoms is optionally
replaced by D, F, Cl, Br, I, CN or NO,;

R” is identically or differently on each occurrence, a H, D,
a saturated or unsaturated, linear, branched or cyclic
C, 5o-alkyl group, in which one or more H atoms is
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optionally replaced by F or D, and an aromatic or
heteroaromatic ring system having 5 to 20 ring atoms,
in which one or more H atoms is optionally replaced by
F or D;

M is a metal or a metal ion selected from the group
consisting of Mg, Zn, Be and Cu,

[' is, identically or differently on each occurrence, a
monodentate or bidentate ligand;

m is, identically or differently on each occurrence, 0, 1, 2,
3 or 4, with the proviso that at least one index m is >0;

nis 1,2, 3 or4;

ris1,2,3or4;

k is, identically or differently on each occurrence, 0, 1, 2,
3,4, 5 or 6; and

1is 0,1, 2,3, 4, 5or 6.

2. The compound according to claim 1, wherein the

following applies to compounds of the formula (I):

if M is a metal having two coordination sites, then k is
equal to 0;

if M is a metal having three coordination sites and L' is a
monodentate ligand, then k is equal to 1;

if M is a metal having four coordination sites and L' is a
monodentate ligand, then k is equal to 2;

if M is a metal having five coordination sites and L' is a
monodentate ligand, then k is equal to 3;

if M is a metal having six coordination sites and L' is a
monodentate ligand, then k is equal to 4;

if M is a metal having seven coordination sites and L' is
a monodentate ligand, then k is equal to 5;

if M is a metal having eight coordination sites and L' is a
monodentate ligand, then k is equal to 6;

if M is a metal having four coordination sites and L' is a
bidentate ligand, then k is equal to 1;

if M is a metal having six coordination sites and L' is a
bidentate ligand, then k is equal to 2;

if M is a metal having eight coordination sites and L' is a
bidentate ligand, then k is equal to 3;

and wherein the following applies to compounds of the
formula (IT):

if M is a metal having two coordination sites and r is equal
to 1, then 1 is equal to 0;

if M is a metal having three coordination sites, L' is a
monodentate ligand and r is equal to 1, then 1 is equal
to 1;

if M is a metal having four coordination sites, L' is a
monodentate ligand and r is equal to 1, then 1 is equal
to 2;

if M is a metal having five coordination sites, L' is a
monodentate ligand and r is equal to 1, then 1 is equal
to 3;

if M is a metal having six coordination sites, L' is a
monodentate ligand and r is equal to 1, then 1is equal
to 4;

if M is a metal having seven coordination sites, L' is a
monodentate ligand and r is equal to 1, then 1 is equal
to 5;

if M is a metal having eight coordination sites, L' is a
monodentate ligand and r is equal to 1, then 1is equal
to 6;

if M is a metal having four coordination sites and r is
equal to 2, then 1 is equal to 0;

if M is a metal having five coordination sites, L' is a
monodentate ligand and r is equal to 2, then 1 is equal
to 1;

if M is a metal having six coordination sites, L' is a
monodentate ligand and r is equal to 2, then 1 is equal
to 2;
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if M is a metal having seven coordination sites, L' is a
monodentate ligand and r is equal to 2, then 1 is equal
to 3;

if M is a metal having eight coordination sites, L' is a
monodentate ligand and r is equal to 2, then 1 is equal
to 4;

if M is a metal having six coordination sites and r is equal
to 3, then 1 is equal to 0;

if M is a metal having seven coordination sites, L' is a
monodentate ligand and r is equal to 3, then 1 is equal
to 1;

if M is a metal having eight coordination sites, L' is a
monodentate ligand and r is equal to 3, then 1 is equal
to 2;

if M is a metal having eight coordination sites and r is
equal to 4, then 1 is equal to O;

if M is a metal having four coordination sites, L' is a
bidentate ligand and r is equal to 1, then 1 is equal to 1,

if M is a metal having six coordination sites, L' is a
bidentate ligand and r is equal to 1, then 1 is equal to 2;

if M is a metal having eight coordination sites, L' is a
bidentate ligand and r is equal to 1, then 1 is equal to 3;

if M is a metal having six coordination sites, L' is a
bidentate ligand and r is equal to 2, then 1 is equal to 1;

if M is a metal having eight coordination sites, L' is a
bidentate ligand and r is equal to 2, then 1 is equal to 2;

1f M a metal having eight coordination sites, [' a bidentate
ligand and r equal to 3, then 1 is equal to 1;

if M a metal having eight coordination sites, L' bidentate
ligand and r equal to 4, then 1 is equal to 0.

3. The compound according to claim 1, wherein the group

Ar is selected from the following formulae, each of which
may also be substituted by one or more radicals R’:

XN

@— —




US 9,741,944 B2
89 90

-continued
(\__ N
— v | I

A S RN N

— N / NN

|
NZNGZNGZ
10
4. The compound according to claim 1, wherein the group 6. The compound according to claim 1, selected from the

G is selected from the following formulae, each of which compounds of the formulae (3) to (12):
may also be substituted by one or more substituents R?, R?

or R*: 15
RI0
N N
| A > RU
2.
7 /
N N 25 RIO

|
Yl
[ l N
) OOO
| 30
N\KN

Y 200
40
T Y

N 45

e

X, s
R3 B
/ 55
N/N |/S KO N/N RI0
Il ~L ~ |2
AR VIVS Ly

’ ‘
60 vi
. . . \Rll
5. The compound according to claim 1, wherein the

groups Y* and Y?, identically or differently on each occur-
rence, are not present or are selected from the following Y2
groups, each of which may also be substituted by one or 6 RI

more substituents R®:

formula (3)

formula (4)

formula (5)

formula (6)

formula (7)
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formula (8)
Rl] :|
1
Y2

Rl 1

formula (9)
Rll)
Y3 O
Yl

formula (10)

formula (11)

YI_RI

formula (12)

Yl_Rll

where the symbols used have the following meanings:

Y!, Y? have the same meaning as defined in claim 1;

R'?1is, identically or differently on each occurrence, either
H or a radical of the following formula (d):

formula (d)

where L', k and R' have the same meanings as defined
in claim 1, with the proviso that one R' is not present,
and the compound of the formula (d) is bonded to the
compound of the formula (3) to (12) at this position;

92

R is, identically or differently on each occurrence, either

H or a radical of the following formula (e) or ():
3 formula (e)
T
]
10
formula (f)
SN
D
A 2
15 o7
where V is selected from the group consisting of O, S and
% NR* and Q is selected from the group consisting of N

and CR?, where at least one Q, stand for N, and where
R? has the same meaning as defined in claim 1;

with the proviso that both at least one R'° in each formula
and also at least one R'! in each formula is other than
25 H.

7. The compound according to claim 6, wherein R'® is
selected from the following formulae, where the bond drawn
in indicates the position of the link to Y

65

30
X X
’ 7 7
N N
/ o/
\M \M
\ \
40 Lk Lk
ql\] @
45 P P
N N
VARV
\M \M
\L' k \L' k
50 @) ™)
8. An oligomer or polymer which comprises the com-
pound according to claim 1, containing a structural unit of
5 the general formula (13) to (21):
| formula (13)
60 T
Arl—le—G]m
|
1V|1—{'L']a
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formula (21)
formula (14)
\L L/
5 —L—ll\r/—['Yl—G]m
L
|
_T_
10
formula (15) where the symbols Ar, L', Y' and G and the index m have

the same meanings as defined in claim 1, and the other
symbols and indices have the following meanings:

15 M is a mono-, di-, tri- or tetravalent metal;
L is a bidentate ligand of the following formula (g):

formula (g)
20 R! R!
formula (16)
R! R!

I T X
Y?
|
55 RI/H/\N/ R
o\
\

formula (17) 30 where the bond dash leading away from Y? represents a
bond to Ar in the structural units of the formulae (13)
to (21), and the arrows leading away from W and N
represent a coordination bond to M, and the symbols
Y?, W and R' have the same meanings as defined in
35 claim 1, where one R' is not present and the quinoline
unit is bonded to Y at this position;
ais 0,1 or 2;
bisOor1;
formula (18) with the proviso that the bond dashes leading away from
40 L in the structural units of the formulae (13) to (21)
represent a bond to M of a further structural unit, and
the bond dashes leading away from M in the structural
units of the formulae (13) to (21) represent a bond to L
of a still further structural unit.
9. The compound according to claim 1, wherein L' is a
bidentate ligand which may also be substituted.
10. The compound according to claim 1, wherein L' is a
8-hydroxyquinoline, which may also be substituted.
5o 11. A process for the preparation of the compound accord-
ing to claim 1 which comprises reacting a compound of the
formula (1') with a compound of the metal M

45

formula (19)

55 formula (17)
— Rl 2! —
formula (20) R! R!
I AV
60 [G—Yl-]m—Ar——Y‘I— P
RI)YKN Rl
1
H

65 - -
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wherein

R! is selected identically or differently on each occur-
rence, from the group defined for R, R? or R*; where
one R* is not present, and the quinoline unit is bonded
to Y* at this position;

R?, R? and R* are, identically or differently on each
occurrence, a H, D, F, Cl, Br, I, CHO, N(Ar"),, C(=0)
Al,  P(O)Ar), SE=O)Ar, S(EO)Ar,
CR>=CR’Ar*, CN,NO,, Si(R*),, B(OAr"),, B(OR?),,
OSO,R®, OH, a saturated or unsaturated, straight-
chain, branched or cyclic C,_,-alkyl group, C, .-
alkoxy group or C, _,,-thioalkyl group, each of which is
optionally substituted by one or more radicals R®,
where one or more non-adjacent CH, groups is option-
ally replaced by R°’C=CR®, C=C, Si(R®),, Ge(R’),,
Sn(R%),, C=0, C=S, C=S8e, C=NR’ P(=0)(R%),
S0, 80,, NR?, 0, S or CONR?, and where one or more
H atoms is optionally replaced by D, F, Cl, Br, I, CN or
NO,, an aromatic or heteroaromatic ring system having
5 to 60 aromatic ring atoms, which is optionally sub-
stituted by one or more radicals R®, an aryloxy or
heteroaryloxy group having 5 to 60 aromatic ring
atoms, which is optionally substituted by one or more
radicals R®, and a combination of these systems; where
one of the substituents R?, R? or R*is not present on the
group G, and the group G is bonded to Y' at this
position;

W is, identically or differently on each occurrence, an O,
S or NR?, where R® is selected from the group defined
for R?, R® or R

Y! and Y? are each, independently of one another, either
not present, so that the groups bonded thereto are linked
directly to one another by a single covalent bond, or are
a saturated, linear, branched or cyclic C,_,,-alkyl group
or an aromatic or heteroaromatic ring system having 5
to 60 ring atoms, which is optionally substituted by one
or more radicals R,

Ar is an aromatic or heteroaromatic ring system having 5
to 60 aromatic ring atoms, which is optionally substi-
tuted by one or more radicals R, where R® is selected
from the group defined for R% R® or R*;

Ar' is, identically or differently on each occurrence, an
aromatic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, which is optionally substituted by
one or more radicals R7, where, in addition, two
radicals Ar' which are bonded to the same nitrogen or
phosphorus atom is optionally linked to one another by
a single bond or a bridge selected from the group
consisting of BR”), C(R"),, Si(R7),, C=0, C=NR’,
C=C(R"),, 0, S, S=0, 80,, NR"), P(R?) and P(=0)
R

R is, identically or differently on each occurrence, aH, D,
a saturated or unsaturated, linear, branched or cyclic
C,_,oalkyl group, in which one or more H atoms is
optionally replaced by D or F, or an aromatic or
heteroaromatic ring system having 5 to 20 ring atoms,
in which one or more H atoms is optionally replaced by
F, and which is optionally substituted by one or more
radicals RS;

R%is, identically or differently on each occurrence, a H, D,
F, Cl, Br, I, CHO, N(Ar}),, C(=0)Ar*, P(=0)(Ar"),,
S(=0)Ar', S(=0),Ar", CR’—CR’Ar', CN, NO,,
Si(R7);, B(OAr"),, B(OR"),, OSO,R7, OH, or a satu-
rated or unsaturated, straight-chain, branched or cyclic
C,_somalkyl group, C, ,-alkoxy group or C, ,-thio-
alkyl group, each of which is optionally substituted by
one or more radicals R’, where one or more non-
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adjacent CH, groups is optionally replaced by
R’C=CR’, Si(R"),, Ge(R"),, Sn(R"),, C=0, C=S,
C=Se, C=NR’, P(—=0)(R"), SO, SO,, NR’, O, S or
CONR”, and where one or more H atoms is optionally
replaced by D, F, Cl, Br, I, CN or NO,;
R” is identically or differently on each occurrence, a H, D,
a saturated or unsaturated, linear, branched or cyclic
C,_5o-alkyl group, in which one or more H atoms is
optionally replaced by F or D, and an aromatic or
heteroaromatic ring system having 5 to 20 ring atoms,
in which one or more H atoms is optionally replaced by
F or D;

m is, identically or differently on each occurrence, 0, 1, 2,
3 or 4, with the proviso that at least one index m is >0,
and

nis 1,2, 3 or 4.

12. An electronic device which comprises the compound
according to claim 1.

13. An organic electroluminescent device which com-
prises the compound according to claim 1 is employed in an
electron-transporting layer.

14. The electronic device as claimed in claim 13, wherein
the device is an organic electroluminescent device (OLED,
PLED), an organic integrated circuit (O-IC), an organic
field-effect transistor (O-FET), an organic thin-film transis-
tor (O-TFT), an organic light-emitting transistor (O-LET),
an organic solar cell (O-SC), an organic optical detector, an
organic photoreceptor, an organic field-quench device
(O-FQD), a light-emitting electrochemical cell (LEC) or an
organic laser diode (O-laser).

15. A formulation comprising at least one compound
according to claim 1 and at least one solvent.

16. A compound of the following formula (1'):

formula (17)
— 2! ol -
R! R!
I T
[G—Y' A — Y ———
Va
" )\/\N N
A
H
— —n

wherein
G is, identically or differently on each occurrence, a
group of the following formula (a), (b) or (¢):

formula (a)
R2
2
R v,
—r
2 N
X \
R? R
formula (b)
V,
o~ .
| =
Q. N,
\
R3
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-continued
formula (¢)

Q is, identically or differently on each occurrence, a N or
CR?,

V is selected from the group consisting of O, S, N, CR*
and NR*, with the proviso that, if V is equal to 0, S or
NR?, R? represents a non-bonding electron pair;

the two dashed bonds in formula (a) and (b) mean that one
of the bonds is a single covalent bond and the other is
a double covalent bond;

R' is selected identically or differently on each occur-
rence, from the group defined for R, R?* or R*; where
one R* is not present, and the quinoline unit is bonded
to Y* at this position;

R?, R? and R* are, identically or differently on each
occurrence, a H, D, F, Cl, Br, I, CHO, N(Ar"),, C(=0)
Ar',  P(=0)Ar'),, S(=O0)Ar', S(=0),Ar,
CR>=CR’Ar, CN, NO,, Si(R?),, B(OAr"),, B(OR?),,
0SO,R®, a saturated or unsaturated, straight-chain,
branched or cyclic C,_,-alkyl group, C,_ ,,-alkoxy
group or C, _,-thioalkyl group, each of which is option-
ally substituted by one or more radicals R’, where one
or more non-adjacent CH, groups is optionally
replaced by R’C=CR’, C=C, Si[R®),, GeR®),,
Sn(R%),, C=0, C=S, C=Se, C=NR’, P(=0)[R"),
SO, SO,, NR?, 0, S or CONR?, and where one or more
H atoms is optionally replaced by D, F, Cl, Br, I, CN or
NO,, an aromatic or heteroaromatic ring system having
5 to 60 aromatic ring atoms, which is optionally sub-
stituted by one or more radicals R, an aryloxy or
heteroaryloxy group having 5 to 60 aromatic ring
atoms, which is optionally substituted by one or more
radicals R®, and a combination of these systems; where
one of the substituents R?, R? or R*is not present on the
group G, and the group G is bonded to Y' at this
position;

W s, identically or differently on each occurrence, an O,
S or NR®, where R® is selected from the group defined
for R%, R® or R%;

Y! and Y? are each, independently of one another, either
not present, so that the groups bonded thereto are linked
directly to one another by a single covalent bond, or are
a saturated, linear, branched or cyclic C,_,,-alkyl group
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or an aromatic or heteroaromatic ring system having 5
to 60 ring atoms, which is optionally substituted by one
or more radicals R

Ar is an aromatic or heteroaromatic ring system having 5
to 60 aromatic ring atoms, which is optionally substi-
tuted by one or more radicals R®, where R is selected
from the group defined for R? R? or R¥;

Ar' is, identically or differently on each occurrence, an
aromatic or heteroaromatic ring system having 5 to 30
aromatic ring atoms, which is optionally substituted by
one or more radicals R7, where, in addition, two
radicals Ar' which are bonded to the same nitrogen or
phosphorus atom is optionally linked to one another by
a single bond or a bridge selected from the group
consisting of B(R?), C(R"),, Si(R"),, C=0, C=NR’,
C7:C(R7)2, 0,8, 8=0, SO,, N(R"), P(R") and P(=0)

R® is, identically or differently on each occurrence, a H, D,
a saturated or unsaturated, linear, branched or cyclic
C,_»o-alkyl group, in which one or more H atoms is
optionally replaced by D or F, or an aromatic or
heteroaromatic ring system having 5 to 20 ring atoms,
in which one or more H atoms is optionally replaced by
F, and which is optionally substituted by one or more
radicals R®;

RS is, identically or differently on each occurrence, aH, D,
F; Cl: Br; I: CHO N(Ar1)27 C(:O)A‘rl: P(:O)(Arl)za
S(=0)Ar', S(=0),Ar", CR’—CR’Ar", CN, NO,,
Si(R7),, B(OAr"),, B(OR”),, OSO,R’, or a saturated or
unsaturated, straight-chain, branched or cyclic C -
alkyl group, C,_,-alkoxy group or C,_,,-thioalkyl
group, each of which is optionally substituted by one or
more radicals R”, where one or more non-adjacent CH,
groups is optionally replaced by R’C=CR’, C=C,
SiR"),, GeR"),, Sn(R”), C=0, C=S, C=Se,
C=NR’, P(=0)R7), SO, SO,,NR’, O, S or CONR’,
and where one or more H atoms is optionally replaced
by D, F, Cl, Br, [, CN or NO,;

R” is identically or differently on each occurrence, a H, D,
a saturated or unsaturated, linear, branched or cyclic
C,_5o-alkyl group, in which one or more H atoms is
optionally replaced by F or D, and an aromatic or
heteroaromatic ring system having 5 to 20 ring atoms,
in which one or more H atoms is optionally replaced by
F or D;

m is, identically or differently on each occurrence, 0, 1, 2,
3 or 4, with the proviso that at least one index m is >0,
and

nis 1,2, 3 or4.
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